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(54) Method for distilling polymerizable compound or liquid containing polymerisable compound 



(57) In distillation of a polymerizable compound 

such as (meth)acrylic acid or a liquid containing such 
a polymerizable compound with use of a distillation 
column equipped with a reboiler, (a) a vertical multi- 
tube reboiler whose outlet nozzle inside diameter (D1J 
is 0.2 to 1 time its reboiler shell inside diameter (D2) 
is used as the reboiler, (b) an outlet of an outlet 
nozzle of the reboiler to a gas-phase section of the 
distillation column is provided at a position such that 
a distance L from the top tubesheet of the reboiler to 
the lower end of the outlet of the outlet nozzle 
satisfies L=(0.4 to 3)xD1, and (c) a liquid level in 
the distillation column is maintained in a range such 
that a height H of the liquid level from the top 
tubesheet of the reboiler satisfies H=(0.1 to 0.8) xL. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for distilling a polymerizable compound or a liquid containing 
a polymerizable compound, and more particularly relates to a method for distilling a polymerizable compound such 
as (meth)acrylic acid or a liquid containing such a polymerizable compound with use of a distillation column 
5 equipped with a reboiler through a distillation process that is kept stable for a long period of time by effectively 
preventing formation of a polymer in reboiler tubes, and hence, fouling of the tubes. 

BACKGROUND OF THE INVENTION 

[0002] Conventionally, distillation and purification of a polymerizable compound such as (meth)acrylic acid or 
a liquid containing such a polymerizable compound with use of a distillation device equipped with a multi-tube 
10 reboiler that is composed of a plurality of reboiler tubes fixed to tube sheets disposed inside the reboiler shell is 
widely practiced in industry. 

[0003] Conventionally, a distillation device equipped externally with a multi-tube reboiler of a forced 

circulation type is widely used, as the foregoing distillation column equipped with the multi-tube reboiler. This 
distillation column is designed so that a pump disposed at a bottom of the distillation column is actuated with 
electric power or the like to pump up a liquid to be distilled (liquid to be processed, hereinafter referred to as 
15 process liquid) from the column bottom of the distillation column via the pump so as to forcibly circulate through 
the multi-tube reboiler. 

[0004] To obtain a necessary ability, such a forced-circulation-type multi-tube reboiler sometimes requires 
circulation of a greater quantity of the liquid, a greater pass number, and the like. 

[0005] The liquid supplied from the distillation column to the reboiler has been heated to a boiling point, and 
it partly evaporates due to pressure drop occurring when passing through the reboiler tubes. Therefore, distillation 
20 using the forced-circulation -type multi-tube reboiler undergoes a high ratio of evaporation of a liquid, thereby 
causing a polymerizable compound to easily polymerize. Accordingly, in distillation by using such a forced- 
circulation-type multi-tube reboiler, a polymer of a polymerizable compound tends to be formed thereby fouling 
surfaces of tubes, and hence, causing a problem of plugging. 

[0006] A well-known scheme to cope with the foregoing problem is a scheme in which a valve or the like is 
provided at an outlet nozzle of a multi-tube reboiler (a tube connecting a reboiler shell of the multi-tube reboiler 
and a distillation column) so as to make a temperature inside the reboiler tubes of the multi-tube reboiler not 

25 higher than a boiling point This scheme, however, does not completely solve the foregoing problem, due to the 
following drawbacks: channeling; a lower fluid velocity in a chamber; and a longer retention time. In case a polymer 
is formed and fouls tubes, the operation is suspended and the polymer is manually or chemically removed. 
[0007] Furthermore, recently, from the viewpoint of energy saving, distillation is practiced by using a 

distillation column equipped with a multi-tube reboiler 52 of a natural circulation (thermosiphon) type shown in 
Figure 6 that does not need electricity as power. 

30 [0008] In the foregoing distillation in which a distillation column equipped with a natural-circulation-type 
multi-tube reboiler 52 is used, a liquid supplied to the multi-tube reboiler 52 from the distillation column 51 is 
heated in the multi-tube reboiler 52 thereby partially vaporizes. This causes density inside the distillation column 

51 to become different from that inside the multi-tube reboiler 52, and hence, causes the process liquid to naturally 
circulate from the column bottom of the distillation column 51 to the multi-tube reboiler 52 with a lower density. 
[0009] The distillation in which the natural-circulation-type multi-tube reboiler 52 is used is discussed by, 

35 for example, "Troubleshooting distillation columns" Chemical Engineering, July 31, 1978, pp. 70-78. In this, a liquid 
level 57 in the distillation column 51 is considered from the viewpoint of efficiency of heat transfer in the 
distillation system. 

[0010] As described in the foregoing reference, in the case where distillation is carried out with use of the 
distillation column 51 equipped with the natural-circulation-type multi-tube reboiler 52, the liquid level 57 in the 
distillation column 51 is maintained near the top tubesheet 53 of the multi-tube reboiler 52. 

[0011] This is because, in the case where distillation is carried out with use of the distillation column 51 
equipped with the natural-circulation-type multi-tube reboiler 52, the following problems are deemed to occur if the 
liquid level 57 in the distillation column 51 is set higher or lower than the top tubesheet 53 of the multi-tube 
reboiler 52 to which reboiler tubes 56 are fixed. 

[0012] Namely, when the liquid level 57 in the distillation column 51 is lower than the top tubesheet 53, 
vaporization tends to increase, making the natural circulation difficult or impossible. 

[0013] On the other hand, when the liquid level 57 in the distillation column 51 is higher than the top 
45 tubesheet 53, a heat transfer coefficient lowers, and further, in some cases, the reboiler outlet nozzle 54 becomes 
flooded with the liquid, and hydraulic hammer occurs. 

[0014] Therefore, considering the heat transfer coefficient, in the case where distillation is carried out with 
use of the distillation column 51 equipped with the natural-circulation-type multi-tube reboiler 52, to avoid setting 
the liquid level 57 in the distillation column 51 higher or lower than the top tubesheet 53 of the multi-tube reboiler 

52 is deemed preferable. 

50 [0015] However, in the case where a polymerizable compound or a liquid containing a polymerizable 

compound is distilled with use of the above-described distillation column 51 equipped with the natural-circulation- 
type multi-tube reboiler 52, formation of a polymer in the reboiler tubes 56 cannot be avoided even in the case 
w h ere distillation is carried out in a state in which the liquid level 57 in the distillation column 51 is maintained 
substantially as high as the top tubesheet 53 in the multi-tube reboiler 52. Therefore, as described above, when the 
tubes are fouled, the operation has to be stopped so that the polymer is removed manually or chemically. 
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[0016] An object of the present invention is to provide a method for distilling a polymerizable compound such 
as (meth)acrylic acid or a liquid containing such a polymerizable compound by using a distillation column equipped 
with a reboiler, by which method the distillation can be stably carried out for a long time of period by preventing 
formation of a polymer in reboiler tubes. 

[0017] The inventors of the present invention made eager studies to achieve the above-described object, and 
discovered that the foregoing object could be achieved by maintaining a liquid level in the distillation column at a 
specific height by using a specific vertical multi-tube reboiler. Based on this finding, the inventors successfully 
completed the present invention. 

[0018] More specifically, to achieve the foregoing object, a method for distilling a polymerizable compound or 
a liquid containing a polymerizable compound of the present invention is a method for distilling a polymerizable 
compound or a liquid containing a polymerizable compound by using a distillation column equipped with a reboiler, 
in which (a) as the reboiler, a vertical multi-tube reboiler whose outlet nozzle inside diameter (D1) is 0.2 to 1 
time its reboiler shell inside diameter (D2) is used, (b) an outlet of an outlet nozzle of the reboiler to a gas-phase 
section of the distillation column is provided at a position satisfying: 

L = (0.4 to 3) x D1 

[0019] where L is a distance from a top tubesheet of the reboiler to a lower end of an outlet of the outlet 
nozzle, and D1 is the outlet nozzle inside diameter, and (c) a liquid level in the distillation column is maintained in a 
range satisfying: 

H = (0.1 to 0.8) x L 

where H is a height of the liquid level from the top tubesheet of the reboiler, L is a distance from the top 
tubesheet of the reboiler to the lower end of the outlet of the outlet nozzle, and D1 is the outlet nozzle inside 
diameter. By the foregoing method, a boiling point of the polymerizable compound or the polymerizable compound 
containing liquid in the reboiler is allowed to become higher than in conventional cases. 

[0020] In other words, to achieve the foregoing object, in distillation of a polymerizable compound or a liquid 
containing a polymerizable compound by using a distillation column equipped with a vertical multi-tube reboiler, for 
suppression of polymerization of a polymerizable compound, an outlet of an outlet nozzle of the reboiler to a gas- 
phase section in the distillation column is provided at a position in accordance with an inside diameter (D1) of the 
outlet nozzle of the reboiler, and a height of a liquid level in the distillation column is maintained lower than a 
lower end of an outlet of the outlet nozzle and higher than a top tubesheet of the reboiler, so that a boiling point 
of the polymerizable compound or a liquid containing the polymerizable compound in the reboiler is raised. 
[0021] With the foregoing arrangement, formation of a polymer in the reboiler tubes is effectively prevented, 
and distillation of a polymerizable compound or a liquid containing a polymerizable compound can be stably carried 
out for a long time of period. 

[0022] For a fuller understanding of the nature and advantages of the invention, reference should be made to 
the ensuing detailed description taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] Figure 1 is a view schematically illustrating an arrangement of a distillation device in accordance with 
an embodiment of the present invention. 

[0024] Figure 2 is an enlarged view illustrating a principal part of the distillation device in accordance with 
the embodiment shown in Figure 1 . 

[0025] Figure 3 is a view schematically illustrating an arrangement of another reboiler. 

[0026] Figure 4 is a view schematically illustrating an embodiment of a distillation device equipped with the 
reboiler shown in Figure 3. 

[0027] Figure 5 is a plan view illustrating a top tubesheet to which reboiler tubes are fixed. 

[0028] Figure 6 is a view schematically illustrating an arrangement of a conventional distillation device 

equipped with a multi-tube reboiler. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0029] The following description will explain an embodiment of the present invention, while referring to 
Figures 1 through 5. Figure 1 is a view schematically illustrating a distillation device in accordance with an 
embodiment of the present invention, and Figure 2 is an enlarged view illustrating a principal part of the 
distillation device in accordance with the embodiment shown in Figure 1 . 

[0030] The distillation device adopted in the present invention is a distillation device equipped with a 

reboiler of a natural circulation type. The distillation device has a reboiler 2 outside a distillation column 1, as 
shown in Figures 1 and 2. The reboiler 2 is a heat source for heating a liquid at a column bottom for circulation of 
the same. 

[0031] Used as the distillation column 1 is a distillation column including a gas-phase section therein, 
designed so that a low-boiling-point component is successively separated and moved to the gas-phase section. 
Besides, the distillation column 1 is connected with a liquid supply tube, not shown, which is to consecutively supply 
a liquid to be distilled to the distillation column 1 . 

[0032] The liquid to be distilled in the present invention, which is supplied to the distillation column 1 is 
either a polymerizable compound or a liquid containing a polymerizable compound. Herein, the polymerizable 
compound refers to any one of compounds having a property of becoming easily polymerized by heating. It is nor 
particularly limited, but typical examples thereof include organic compounds having vinyl groups. The liquid 
containing a polymerizable compound refers to any one of liquids containing polymerizable compounds, and types 
of other components thereof than the polymerizable compounds, for example, solvents, are not particularly 
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limited. 

[0033] Typical examples of a polymerizable compound of the present invention are (meth)acrylic acid and 
esters of the same. More specifically, they are, for example, methyl (meth) aery late, ethyl (meth)acrylate, n-butyl 
(meth)acrylate, hydroxyethyl (meth)acrylate, hydroxypropyl (meth) aery late, 2-ethylhexyl (meth)acrylate, and N,N- 
dimethylaminoethyl (meth)acrylate, though not particularly limited. 

[0034] Used as the foregoing reboiler 2 is a multi-tube reboiler as a so-called vertical multi-tube 

heat exchanger, in which, as shown in Figures 1 and 2, a process liquid, that is, a polymerizable compound or a 
liquid containing a polymerizable compound to be distilled, is caused to flow through reboiler tubes 6, while a 
heating medium 7 such as steam is caused to pass through a reboiler shell 2a, so that the process liquid flowing 
through the reboiler tubes 6 is heated via the reboiler tubes 6 fixed to tubesheets (top tubesheet 3 and bottom 
tubesheet 11) provided in the reboiler shell 2a. A plurality of the reboiler tubes 6 are fixed to the top tubesheet 3 
and a bottom tubesheet 1 1 by welding or the like, as shown in Figure 5. 

[0035] As shown in Figure 1, a reboiler lower end 14 is connected with a column bottom of the distillation 
column 1, via a conduit 8 as a tube connecting the reboiler 2 with the distillation column 1, which conduit 8 
includes a liquid discharge piping 9. The liquid discharge piping 9 is branched out of the conduit 8 so that a part 
of the column bottom liquid is consecutively discharged as bottoms to outside the system by using a pump. 
[0036] In other words, a high-boiling-point component is recovered in a liquid state from the column bottom of 
the distillation column 1 via the liquid discharge piping 9, while a low-boiling-point component is recovered in a 
vapor state from the column top of the distillation column 1. Incidentally, a joint part of the column bottom of the 
distillation column 1 with the conduit 8 and the liquid discharge piping 9 is omitted in Figure 2, for simplification 
75 of the drawing. 

[0037] Furthermore, as shown in Figures 1 and 2, the foregoing reboiler 2 is connected, at the top of the 
reboiler shell 2a, with the gas-phase section of the distillation column 1 via the reboiler outlet nozzle 4 as a tube 
for connecting the reboiler shell 2a with the distillation column 1 . 

[0038] With this, the process liquid supplied to the reboiler 2 through the conduit 8 from the column bottom of 
the distillation column 1 is heated in the reboiler 2. The process liquid thus heated goes up onto the top tubesheet 
PO 3 of the reboiler 2, and passes through the reboiler outlet nozzle 4, then goes to the gas-phase section of the 
distillation column 1 through an opening 5 as an outlet of the reboiler outlet nozzle 4 to the distillation column 1 . 
[0039] The opening 5 is designed to have an inside diameter equal to an inside diameter of the reboiler outlet 
nozzle 4 (D1: hereinafter referred to as outlet nozzle inside diameter). In other words, the outlet nozzle inside 
diameter (D1) of the present invention is equal to the inside diameter of the opening 5 as an outlet of the reboiler 
outlet nozzle 4 for connection thereof with the gas-phase section of the distillation column 1 . 

[0040] Adopted as the reboiler 2 in the present invention is a vertical multi-tube reboiler designed so that a 
25 ratio of the outlet nozzle inside diameter (D1), that is, an inside diameter of the opening 5, to the reboiler shell 
inside diameter (D2: hereinafter referred to as reboiler shell inside diameter), that is, D1/D2, is in a range of 0.2 
to 1 , or preferably, 0.3 to 1 , or more preferably, 0.5 to 1 . 

[0041] In the case where the foregoing D1/D2 is less than 0.2, pressure loss increases, and vaporization 
occurs thereby causing formation of a polymer. On the other hand, in the case where the foregoing D1/D2 exceeds 
1 , channeling occurs and tends to cause a polymer to be formed where a fluid velocity is low. Thus, these cases 
30 are not preferable. 

[0042] Incidentally, the reboiler shell inside diameter (D2) is not particularly limited, and can be set to any 
dimension as long as it can house a tube bundle. The outlet nozzle inside diameter (D1) and the reboiler shell 
inside diameter (D2) of the reboiler of the distillation device can be changed by replacing the reboiler outlet 
nozzle 4 and/or the reboiler shell 2a of the reboiler 2 connected with the distillation column 1 . 

[0043] Further, in the present invention, the reboiler outlet nozzle 4 is provided so that its opening 5 comes 
35 to a position higher than the top tubesheet 3 of the reboiler 2, depending on the outlet nozzle inside diameter (D1), 
that is, the inside diameter of the opening 5. More specifically, the reboiler outlet nozzle 4 is disposed at a 
position that satisfies the following relationship so as to be connected with the gas-phase section: 

L = (0.4 to 3) x D1 

or preferably, 

L = (0.7 to 2.5) x D1 

or more preferably, 

L = (1to2)xDl 

where L represents a distance from a top surface 3a of the top tubesheet 3 of the reboiler 2 to a lower end of the 
outlet of the reboiler outlet nozzle 4, that is, a lower inside end 5a of the opening 5, and D1 represents the outlet 
nozzle inside diameter. 

45 [0044] L that is less than 0.4xD1 is not preferable since entrainment occurs. L that exceeds 3 xD1 is not 
preferable, either, as the process liquid treated in the present invention is a polymerizable compound or a 
liquid containing a polymerizable compound that may cause not only an increase in pressure loss but also 
formation of a polymer. 

[0045] Since carried out in the present invention is distillation of a polymerizable compound or a liquid 
containing a polymerizable compound, the distillation is preferably carried out by maintaining a height H of a liquid 
level 12 in the distillation column 1 from the top surface 3a of the top tubesheet 3 (hereinafter referred to as 
50 height of the liquid level 1 2, for conveniences' sake) in a range satisfying: 

H = (0.1 to 0.8) x L 

or preferably, 

H = (0.2 to 0.7) x L 

or more preferably, 
55 H = (0.3 to 0.5) x L 
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where L represents the distance from the top surface 3a of the top tubesheet 3 of the reboiler 2 to the lower end of 
the outlet of the reboiler outlet nozzle 4, that is, the lower inside end 5a of the opening 5, and D1 represents the 
outlet nozzle inside diameter. 

[0046] In the case where the height (H) of the liquid level 12 is maintained lower than 0.1 xL, a polymer is 
formed, thereby fouling the reboiler tubes 6. This makes the operation of the distillation device unstable, or in 
some cases, impossible. On the other hand, in the case where the height (H) of the liquid level 12 is maintained 
higher than 0.8xL, flooding tends to occur, thereby making the operation unstable, or in some cases, impossible. 

5 [0047] Preferably applicable as a technique for adjusting and maintaining the height (H) of the liquid level 12 
at a position in the foregoing range is a technique in which a quantity of the bottoms discharged through the liquid 
discharge piping 9 is adjusted according to a quantity of the liquid supplied to the distillation column 1, so as to 
satisfy the foregoing relationship. This technique is preferable because it is simple and the adjustment is easy. The 
adjustment of the quantity of the discharged bottoms is carried out by using certain desirable adjustment means, for 
example, an control valve 13 fixed to the liquid discharge piping 9. To adjust the quantity of the discharged bottoms 
by the control valve 13, if a case in which the liquid level 12 is to be raised is taken as an example, an aperture 

10 of the valve 13 is closed so that a quantity of the liquid in the distillation column 1 increases, and then, when the 
liquid level 12 reaches to a predetermined desirable height, the quantity of the discharged bottoms through the 
liquid discharge piping 9 is set to a predetermined value. This enables to maintain the height (H) of the liquid 
level 12 in the aforementioned range. 

[0048] Thus, in the present invention, it is possible to suppress polymerization of a polymerizable compound by 
setting and maintaining the position relationship between the liquid level 12 in the distillation column 1 and the 
75 top tubesheet 3 of the reboiler 2 so that the liquid level 12 in the distillation column 1 is higher than the top 
tubesheet 3. 

[0049] The reason why polymerization can be suppressed by setting the liquid level higher during distillation 
is explained as follows. 

[0050] In the foregoing reboiler 2, the process liquid having reached a boiling point by distillation is 
further heated by the heating medium 7, thereby boiling and evaporating. Here, raising the liquid level 12 in the 
20 distillation column 1 results in applying the greater pressure to the reboiler 2 for the rise of the liquid level in 
the distillation column 1. Therefore, raising the liquid level 12 in the distillation column 1 causes the pressure to 
change, thereby raising the boiling point, though slightly. As a result, the vaporization in the reboiler 2 is 
suppressed, and so is polymerization. 

[0051] Here, as shown in Figure 1, let a region where the boiling (vaporization) of the process liquid occurs 
in the reboiler tubes 6 of the reboiler 2 be a vaporization zone 6a, while let the other region therein be a sensible 
heating zone 6b, and a degree of polymerization varies with a proportion of the vaporization zone 6a therein. In 
25 other words, since the compound treated in the present invention is a polymerizable compound, polymerization 
easily occurs in the vaporization zone. This is because, in the case where a polymerizable compound is treated, 
even with a polymerization inhibitor added to the compound, the polymerization inhibitor is separated therefrom 
when the polymerizable compound evaporates due to heating. 

[0052] Therefore, in the case where the liquid level 12 in the distillation column 1 is set higher than the top 
tubesheet 3, the vaporization zone 6a is shorter as compared with the case where the liquid level 12 is as high as 
30 the top tubesheet 3. Therefore, polymerization is suppressed, and the heating of the process liquid can be 
efficiently carried out. Incidentally, the rise of the boiling point is very short, since the height of the liquid 
level 12 is set in a range of 0.1 to 0.8 time the value of L according to the outlet nozzle inside diameter (D1), but 
it exhibits an extremely remarkable effect from viewpoint of suppression of polymerization. The vaporization zone 
6a is preferably made as small as possible in a range such that the heat transfer coefficient does not lower. In the 
case where the foregoing setting is executed, hydraulic hammer does not occur, and moreover, the heat transfer 
coefficient hardly lowers. 

35 [0053] Thus, the vaporization zone 6a is determined in accordance with the pressure. Since the distillation 
column 1 normally has a constant pressure, as the pressure at the column bottom is determined, the pressure 
decreases for the resistance applied to the distillation device in accordance with the quantity of the process liquid 
passing the tubes, that is, the size of the reboiler 2, and the position at which the liquid reaches the boiling 
point is determined in accordance with the decrease in the pressure. Therefore, the proportion of the vaporization 
zone 6a can be controlled by controlling the size of the tubes, that is, the reboiler shell inside diameter (D2), as 

40 well as the diameter (inside diameter) and length of each reboiler tube 6. Consequently, for control of pressure, it 
is very effective to adequately determine dimensions of the inlet-side part and outlet-side part of the reboiler 2, 
particularly, as described above, the dimension of the outlet-side part in which flow is in two phases of liquid and 
vapor and hence which greatly influences pressure. 

[0054] A diameter of the reboiler tube 6 (D3: inside diameter), though more or less depending on the reboiler 
shell inside diameter (D2), is preferably in a range of 20mm to 50mm, more preferably in a range of 25mm to 
45mm, and particularly preferably in a range of 30mm to 40mm. A diameter of the reboiler tube 6 (D3) that is 
5 smaller than 20mm tends to cause formation of a polymer in the reboiler tube 6 due to narrowness of the tube. On 
the other hand, a diameter of the reboiler 6 (D3) that exceeds 50mm is not preferable, since in this case the heat 
transfer efficiency tends to lower. 

[0055] Moreover, a length of the reboiler tube 6 (D4) is preferably set so as to satisfy: 

D4 = (2 to 20) x D2 

50 more preferably, 

D4 = (2.5 to 15) x D2 

or particularly preferably, 

D4 = (3 to 10) x D2 

55 [0056] If the length of the reboiler tube 6 (D4) is shorter than 2 xD2, the number of reboiler tubes 6 required 
increases, resulting in that the reboiler shell inside diameter (D2) increases. In the case where the reboiler shell 
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inside diameter (D2) is too great relative to an inside diameter of a reboiler tube on an inlet-side thereof (D5: 
hereinafter referred to as reboiler inlet nozzle inside diameter), channeling occurs, thereby making the natural 
circulation difficult. As a result, the operation of the distillation device tends to become unstable. On the other 
hand, if the length of the reboiler tube 6 (D4) is longer than 20xD2, pressure loss increases and vaporization occurs 
thereby causing a polymer to be formed. Incidentally, the length of the reboiler tube 6 (D4) is substantially equal 
to a distance from the upper surface 3a of the top tubesheet 3 to a lower surface 1 1a of a bottom tubesheet 1 1 in 
the reboiler 2. 

[0057] Furthermore, the reboiler inlet nozzle inside diameter (D5) is preferably set so as to satisfy: 

D5 = (0.2 to 1) x D2 

more preferably, 

D5 = (0.3 to 1) x D2 

or particularly preferably, 
10 D5 = (0.5 to 1) x D2 

[0058] In the present invention, the conduit 8 connected with the reboiler lower end 14 thereby serving as an 
inlet of the reboiler 2 is designed so as to have an inside diameter equal to an inside diameter of an opening 10 in 
the distillation column 1 for connection of the conduit 8 with a liquid-phase section of the distillation column 1. 
In other words, the reboiler inlet nozzle inside diameter (D5) in the present invention is equal to the opening 10 in 
the distillation column 1 for connection of the conduit 8 with the liquid-phase section of the distillation column 1 . 
[0059] Since flow is in two phases of liquid and vapor mixed in the outlet-side part of the reboiler 2 while it 
is in the liquid phase in the inlet-side part of the reboiler 2, pressure drop less adversely affect in the inlet-side 
part of the reboiler 2 than in the outlet-side part thereof. However, the liquid discharge piping 9 to deliver 
outside the system is provided on the inlet side of the reboiler 2. Therefore, the reboiler inlet nozzle inside 
diameter (D5) should be designed so that circulation disorder may not occur. 

[0060] If the reboiler inlet nozzle inside diameter (D5) is less than 0.2 xD2, pressure loss becomes too great, 
thereby resulting in that the operation of the distillation device tends to be easily affected by the liquid 
discharge piping 9, and hence, unstable. Besides, since the reboiler shell inside diameter (D2) is too greater than 
the inlet nozzle inside diameter (D5), to achieve uniform distribution of the liquid into the reboiler tubes 6 
becomes difficult, and channeling occurs. On the other hand, if the reboiler inlet nozzle inside diameter (D5) 
exceeds lxD2, channeling tends to occur, and formation of a polymer tends to occur where the velocity is low. 
[0061] As described above, according to the method of the present invention, in distillation of a polymerizable 
25 compound or a liquid containing a polymerizable compound by using the distillation column 1 equipped with the 
reboiler 2 as a vertical multi-tube reboiler of a natural circulation type, for suppression of polymerization of a 
polymerizable compound, an outlet of an outlet nozzle 4 of the reboiler 2 to a gas-phase section of the distillation 
column 1 is provided at a position in accordance with an inside diameter (D1) of the outlet nozzle 4 of the reboiler 

2, and a height of a liquia level 12 in the distillation column 1 is maintained lower than a lower end of an outlet 
of the outlet nozzle 4 to the distillation column 1 and higher than a top tubesheet 3 of the reboiler 2, so that a 
boiling point of a process liquid in the reboiler 2, that is, the polymerizable compound or a liquid containing the 
polymerizable compound, is raised. By so doing, a proportion of the vaporization zone 6a in the reboiler tube 6 is 
controlled. The outlet nozzle inside diameter (D1) of the reboiler 2 is set depending on the reboiler shell inside 
diameter (D2) of the reboiler 2. 

[0062] According to the method of the present invention, formation of a polymer in the reboiler tubes 6 is 
effectively controlled without lowering a heat transfer efficiency in the reboiler 2, by conducting the foregoing 
distillation under conditions in which the foregoing D1/D2, L/D1, and H/L are set in ranges of 0.2 to 1, 0.4 to 3, 
35 and 0.1 to 0.8, respectively, or preferably in ranges of 0.3 to 1, 0.7 to 2.5, and 0.2 to 0.7, respectively, or more 
preferably, in ranges of 0.5 to 1 , 1 to 2, and 0.3 to 0.5, respectively. 

[0063] Furthermore, in this case, each reboiler tube 6 is designed so that the foregoing D3 and D4/D2 are 
preferably in ranges of 20mm to 50mm and 2 to 20, respectively, or more preferably in ranges of 25mm to 45mm 
and 2.5 to 15, respectively, or particularly preferably in ranges of 30mm to 40mm and 3 to 10, respectively. This 
arrangement is preferable with view to effectively preventing formation of a polymer in the reboiler tubes 6 without 
40 lowering a heat transfer efficiency in the reboiler 2. 

[0064] Furthermore, adequately determining not only the dimension of the outlet of the reboiler 2 but also that 
of the inlet thereof, that is, the reboiler inlet nozzle inside diameter (D5), is extremely effective in controlling 
the pressure. Herein, by using a distillation column designed so that D5/D2 is preferably in a range of 0.2 to 1, 
more preferably in a range of 0.3 to 1, or particularly preferably in a range of 0.5 to 1, formation of a polymer in 
the reboiler tubes 6 can be more efficiently prevented, without lowering the heat transfer efficiency in the reboiler 
2. 

45 [0065] Incidentally, the shape of the reboiler outlet nozzle 4 is not limited to that shown in Figure 1 . The 
reboiler outlet nozzle 4 that is a straight pipe may be provided at 90° with respect to the reboiler shell 2a as 
shown in Figures 3 and 4 so as to connect the reboiler shell 2a with the distillation column 1 , or it may have any 
other common shape. Figure 3 is a view schematically illustrating a reboiler 2 in another shape, and Figure 4 is a 
view schematically illustrating an embodiment of a distillation device equipped with the reboiler 2 shown in Figure 

3. Note that in Figure 3 as well, a joint part of the column bottom of the distillation column 1 with the conduit 8 
so and the liquid discharge piping 9 is omitted for simplification of the drawing. 

[0066] With view to suppression of pressure loss at the outlet part (opening 5) of the reboiler outlet nozzle 4, 
however, the reboiler outlet nozzle 4 preferably has a curving shape as shown in Figures 1 and 2. 
[0067] Furthermore, in the foregoing distillation, any common polymerization inhibitor such as phenothiazine or 
hydroquinone is applicable. However, by applying a molecular oxygen containing gas as a polymerization inhibitor, 
it is possible to increase the heat transfer coefficient and to further enhance the effect of preventing fouling of 
55 the reboiler tubes 6. 

[0068] The foregoing distillation method in accordance with the present invention is suitable for purification 
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of a polymerizable compound, separation or purification of a compound to be obtained from a liquid containing a 
polymerizable compound. 

[0069] The following description will explain the present invention in more detail, referring to examples and 
comparative examples, but the present invention is not limited to these. Note that "% M in the examples and 
comparative examples below refers to "percent by weight (wt%)\ Besides, M D1 ", "D2 U , "D3", W D4°, "D5" "L", and "H 
respectively designate the same as those in the above descriptions. Further, a quantity of vapor used as heating 
medium (heating medium quantity) is set equal to each other in the examples and comparative examples below. 

[Example 1] 

[0070] A distillation column equipped with a vertical multi-tube reboiler having 600 stainless steel tubes was 
used as the distillation device of the present invention. An outside diameter, a wall thickness, and a length of a 
reboiler tube of the foregoing vertical multi-tube reboiler were 34mm, 1.8mm, and 4000mm, respectively (i.e., 
D3=30 4mm D4=4000mm). D1, D5, 02, and L were set to 1000mm, 650mm, 1210mm, and 800mm, respectively. 
To this distillation column, a methacrylic acid containing liquid having the following composition was supplied at a 
rate of 14m 3 /hr and distilled under a column top pressure of 140.00hPa (105Torr): 



methacrylic acid 


23% 


acrylic acid 


0.23% 


solvent 


75.6% 


phenothiazine 


200ppm 



20 



25 



30 



A temperature inside the reboiler tube was 120°C, and steam of 0.588MPaG (6Kg/cm 2 G) was supplied at a rate of 
about 2000kg/hr. Incidentally, the heating medium (steam) quantity was controlled with use of a control valve. 
Therefore pressure drop occurs, and a difference is produced between the pressure at the reboiler inlet (reboiler 
shell side pressure) and the heating medium supply pressure. In the present example, due to pressure drop caused 
by the control valve, the pressure consequently lowered at the reboiler inlet to 0.196MPaG (2.0Kg/cm 2 G), and 
thereafter steam was supplied under the same pressure. 

[0071] From the bottom of the distillation column, methacrylic acid containing bottoms having the following 
composition were obtained at a rate of 2.4m 3 /hr: 



methacrylic acid 


99.6% 


acrylic acid 


50ppm 


phenothiazine 


1000ppm 



[0072] In this distillation, H was 300mm. Respective factors in this distillation, that is, distillation 

35 conditions, were as follows: 

D1/D2 = 0.826 
L/D1 = 0.800 
H/L = 0.375 

40 D4/D2 = 3.306 

D5/D2 = 0.537 

[0073] During one-year operation under the above-described conditions, no rise of the heating-use steam 
pressure (reboiler shell side pressure) was not observed. After one-year operation under the above-described 
conditions, inside of every reboiler tube was checked, and there was no plugging. 



45 



[Comparative Example 1] 



[0074] Distillation was conducted in the same manner as in Example 1 except that H=50mm (H/L=0.063). 
Herein, H was changed by controlling the quantity of the bottoms discharged. 

[0075] After about one month, a rise of the heating-use steam pressure (reboiler shell side pressure) was 
50 observed. After three-month operation, inside of every reboiler tube was checked, and about 100 tubes were found 
to be plugged with a polymer. 

[Comparative Example 2] 

[0076] Distillation was conducted in the same manner as in Example 1 except that H=650mm (H/L=0.813). 
55 Herein, H was changed by controlling the quantity of the bottoms discharged. 

[0077] After about two weeks, an increase in a quantity of a polymer in the bottoms discharge liquid, and after 
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two months, the device became inoperable. Inside of every reboiler tube was checked, and most of the tubes were 
found to be plugged with the polymer. 

[Example 2] 

[0078] A distillation column equipped with a vertical multi-tube reboiler having 160 stainless steel tubes was 
used as the distillation device of the present invention. An outside diameter, a wall thickness, and a length of a 
reboiler tube of the foregoing vertical multi-tube reboiler were 34mm, 2.0mm, and 4000mm, respectively (i.e., 
D3=30mm, D4=4000mm). D1, D5, and D2 were 500mm, 300mm, and 600mm, respectively, while L was 900mm. 
To this distillation column, a methacrylic acid containing liquid having the following composition was supplied at a 
rate of 2.3m 3 /hr and distilled under a column top pressure of 80.0hPa (60Torr) : 



methacrylic acid 


50% 


methyl methacrylate 


46% 


hydroquinone 


0.2% 



A temperature inside the reboiler tube was 100°C, and steam of 0.588MPaG (6Kg/cm 2 G) was supplied at a rate of 
about lOOOkg/hr. Here, a reboiler shell side pressure was 0.088MPaG (0.9Kg/cm 2 G) . 

[0079] From the bottom of the distillation column, methacrylic acid containing bottoms having the following 
composition were obtained at a rate of 0.8m 3 /hr: 



methacrylic acid 


98% 


methyl methacrylate 


1% 


hydroquinone 


0.6% 



[0080] In this distillation, H was 300mm. Respective factors in this distillation, that is, distillation 

conditions, were as follows: 

D1/D2 = 0.833 

30 UD1 = 1.800 

H/L = 0.333 
D4/D2 = 6.667 
D5/D2 = 0.500 

35 [0081] During one-year operation under the above-described conditions, no rise of the heating-use steam 
pressure (reboiler shell side pressure) was observed. After the one-year operation, inside of every reboiler tube was 
checked, and there was no plugging. 

[Example 3] 

40 [0082] A distillation column equipped with a vertical multi-tube reboiler having 270 stainless steel tubes was 
used as the distillation device of the present invention. An outside diameter, a wall thickness, and a length of a 
reboiler tube of the foregoing vertical multi-tube reboiler were 34mm, 1.8mm, and 4000mm, respectively (i.e., 
D3=30.4mm, D4= 4000mm). D1, D5, and D2 were 650mm, 450mm, and 850mm, respectively, while L was 720mm. 
To this distillation column, an acrylic acid containing liquid having the following composition was supplied at a rate 
of 9.4m 3 /hr and distilled under a column top pressure of 53.3hPa (40Torr): 



acrylic acid 


95% 


acetic acid 


2.6% 


phenothiazine 


200ppm 



A temperature inside the reboiler tube was 90°C, and steam of 0.196MPaG (2Kg/cm 2 G) was supplied at a rate of 
about 4000kg/hr. Here, a reboiler shell side pressure was 0.137MPaG (1.4Kg/cm 2 G) . 

[0083] From the bottom of the distillation column, acrylic acid containing bottoms having the following 
composition were obtained at a rate of about 8m 3 /hr: 
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acrylic acid 


97% 


acetic acid 


200ppm 



5 [0084] In this distillation, H was 360mm. Respective factors in this distillation, that is, distillation 

conditions, were as follows: 

D1/D2 = 0.765 
L/D1 = 1.108 

w H/L = 0.500 

D4/D2= 4.706 
D5/D2 = 0.529 

[0085] During four-month operation under the above -described conditions, no rise of the heating-use 
steam pressure (reboiler shell side pressure) was observed. After the four-month operation, inside of every 
15 reboiler tube was checked, and there was no plugging. 

[Comparative Example 3] 

[0086] Distillation was conducted in the same manner as in Example 3 except that the liquid level was set as 
high as the top tubesheet of the reboiler (H=0mm). Herein, H was changed by controlling the quantity of the 
20 bottoms discharged. 

[0087] After about one month, a rise of the heating-use steam pressure (reboiler shell side pressure) was 
observed. After the three-month operation, inside of every reboiler tube was checked, and about 50 tubes were 
found to be plugged with a polymer. 

[Comparative Example 4] 

25 [0088] Distillation was conducted in the same manner as in Example 3 except that: 

a distillation column equipped with a vertical multi-tube reboiler having 270 stainless steel tubes, whose 
outside diameter, wall thickness, and length were 34mm, 1.8mm, and 4000mm, respectively (i.e., D3=30.4mm, 
D4=4000mm), and in which D1, D5, and D2 were 650mm, 450mm, and 850mm, respectively, while L was 
195mm, was used; and 

30 

H was changed to 97mm (H/L=0.497). 

In other words, distillation was carried out by setting all the factors (distillation conditions) substantially the 
same as those in Example 3 except that U/D1 was changed from 1.11 to 0.3. Herein, H was changed by controlling 
the quantity of the bottoms discharged. 
35 [0089] After one-month operation, inside of every reboiler tube was checked, and about 70 tubes were found 
to be plugged, while deposit of a polymer on the top tubesheet, that is, in the tubesheet section, was observed. 

[Comparative Example 5] 

[0090] Distillation was conducted in the same manner as in Example 3 except that: 

40 a distillation column equipped with a vertical multi-tube reboiler having 270 stainless steel tubes, whose 

outside diameter, wall thickness, and length were 34mm, 1.8mm, and 4000mm, respectively (i.e., D3=30.4mm, 
D4=4000mm), and in which D1, D5, and D2 were 950mm, 450mm, and 850mm, respectively, while L was 
1050mm (L/D1=1 .105), was used; and 

H was changed to 525mm (H/L=0.500). 

45 

In other words, distillation was carried out by setting all the factors (distillation conditions) substantially the same as 
those in Example 3 except that D1/D2 was changed from 0.765 to 1 .118. Herein, H was changed by controlling the 
quantity of the bottoms discharged. 

[0091] After one-month operation, inside of every reboiler tube was checked, and no plugging was observed in 
the tubes, but deposit of a polymer on the top tubesheet, that is, in the tubesheet section, was observed. 
50 [0092] The invention being thus described, it will be obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art are intended to be included within the scope of the 
following claims. 

Claims 

55 1 . A method for distilling a polymerizable compound or a liquid containing a polymerizable compound by using a 
distillation column [1] equipped with a reboiler [2], wherein: 
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as said reboiler [2], a vertical multi-tube reboiler whose outlet nozzle inside diameter [D1] is 0.2 to 1 
time its reboiler shell inside diameter [D2] is used; 

an outlet of an outlet nozzle [4] of said reboiler [2] to a gas-phase section of said distillation column 
[1] is provided at a position satisfying: 

L = (0.4 to 3) x D1 

where L is a distance from a top tubesheet [3] of said reboiler [2] to a lower end [5a] of an outlet of the 
outlet nozzle [4J, and D1 is the outlet nozzle inside diameter; and 

a liquid level [12] in said distillation column [1] is maintained in a range satisfying: 

H = (0.1 to 0.8) x L 

where H is a height of the liquid level [12] from the top tubesheet [3] of said reboiler [2], L is a 
distance from the top tubesheet [3] of said reboiler [2] to the lower end [5a] of the outlet of the outlet 
nozzle [4], and D1 is the outlet nozzle inside diameter. 



A method for distilling a polymerizable compound or a liquid containing a polymerizable compound by using a 
distillation column [1] equipped with a vertical multi-tube reboiler, wherein: 

for suppression of polymerization of a polymerizable compound, an outlet of an outlet nozzle [4] of said 
reboiler [2] to a gas-phase section in the distillation column [1] is provided at a position in accordance with 
an inside diameter [D1] of the outlet nozzle [4] of said reboiler [2], and a height of a liquid level [12] in 
said distillation column [1] is maintained lower than a lower end [5a] of an outlet of the outlet nozzle [4] and 
higher than a top tubesheet [3] of said reboiler [2], so that a boiling point of the polymerizable compound or a 
liquid containing the polymerizable compound in said reboiler [2] is raised. 

The method as set forth in claim 2, wherein: 

the outlet nozzle inside diameter [D1] is determined according to a reboiler shell inside diameter [D2J. 

The method as set forth in claim 2, wherein: 

as said reboiler [2], a vertical multi-tube reboiler whose outlet nozzle inside diameter [D1] is 0.2 to 1 
time its reboiler shell inside diameter [D2] is used; 

an outlet of the outlet nozzle [4] of said reboiler [2] to a gas-phase section of said distillation column 
[1] is provided at a position satisfying: 

L = (0.4 to 3) x D1 

where L is a distance from the top tubesheet [3] of said reboiler [2] to the lower end [5a] of the outlet of 
the outlet nozzle [4], and D1 is the outlet nozzle inside diameter; and 

the liquid level [12] in said distillation column [1] is maintained in a range satisfying: 

H = (0.1 to 0.8) x L 

where H is a height of the liquid level [12] from the top tubesheet [3] of said reboiler [2], L is a 
distance from the top tubesheet [3] of said reboiler [2] to the lower end [5a] of the outlet of the outlet 
nozzle [4], and D1 is the outlet nozzle inside diameter. 



The method as set forth in any one of claims 1 through 4, wherein: 

the polymerizable compound is at least one selected from among the group consisting of (meth)acrylic 
acids and esters of the same. 

The method as set forth in any one of claims 1 through 5, wherein: 

said reboiler [2] is a vertical multi-tube reboiler equipped with reboiler tubes [6] that have an inside 
diameter [D3] in a range of 20mm to 50mm each. 

The method as set forth in any one of claims 1 through 6 wherein: 

said reboiler [2] is a vertical multi-tube reboiler equipped with reboiler tubes [6] that have a length [D4] 
in a range of 2 to 20 times the reboiler shell inside diameter [D2]. 

The method as set forth in any one of claims 1 through 7, wherein: 

a reboiler inlet nozzle inside diameter [D5] of said reboiler [2] is 0.2 to 1 time the reboiler shell inside 
diameter [D2] . 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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